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ccording to Brynjolfsson mission sets. Either it is embraced with system operations 
. and McAfee (2014), we 
are entering the "Second 
Machine Age," a new 
· era of digital technology 
where transformations of 
a priority resource approach requiring • Network-enabled autonomous 
an affordability culture shift or the weapons 
advantage will go to a competitor and 
not be regained any time soon. In considering the evolving digital 
The Defense Science Board (DSB) 2015 
SummerStudy outlined an emerging 
"Third Offset" for the Department 
of Defense in human-machine 
collaboration and relationships, both 
material and nonmaterial, having the 
and Al-centric age, this article takes 
the broader view of an emerging 
technology singularity, wherein 
exponential growth in various new 
technologies presents challenges . 
for maritime applications along with 
opportunities. This article has two 
augment wargaming workshops to 
gain access to a larger pool of "out 
there" intellectual capital relative to 
Al-centric knowledge, where normal 
wargaming methods may be lacking. 
The literature expresses a wide range 
of views concerning an Al-based 
singularity depending on the paradigm 
shifts in human civilization caused 
by technology evolution. In general, 
these are one of two types: 
Intelligence based: The 
singularity comes about when 
artificial superintelligence, 
surpassing human intelligence, 
triggers a runaway rate of 
technological growth, causing 
incomprehensible changes to our 
society (Kurzweil, 2005). 
Technology based: The singularity 
is the result of a broader view 
of exponential growth in various 
Accelerating to the Navy & Marine 
Corps After Next, provides the 
following actionable technology 
priorities for the Navy: 
• Augmented warfighter 
• Operational endurance 
• Integrated and distributed forces 
• Sensing and sense-making 
• Scalable lethality 
In 2016, the Chief of Naval Operations 
(CNO) Strategic Studies Group (SSG) 
produced the study, The Network of 
Humans and Machines as the Next 
Capital Ship (CNO, 2016a). Study 
outcomes included implications 
of increasing human-machine 
intelligence and complexity. This led to 
the concept of a "maritime singularity" 
that intentionally plays off the wording 
from the CNO's Design for Maintaining 
Maritime Superiority (CNO, 2016b). 
It uses the SSG study outcome to 
form th~ game design input and 
Data-centricity 
• Human-machine teaming 
Network of humans and machines 
Training machines 
Maritime Singularity Game 
Many unknowns might surround a 
wargaming challenge or problem 
where a wide range of perspectives 
and diverse skill sets add value. 
This might not be the case when the 
wargaming problem is well defined 
and more tactical, but the general 
nature of strategic complex problems 
tends to generate more questions 
than answers. Additionally, whether 
they will admit it or not, subject matter 
experts who attend workshops and 
wargames come from organizations 
that have their own views and 
interests, potentially providing a 
limited solution set or biases. 
When facing a difficult challenge that is~ , · 
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, difficult to come·ur:>'with answers 
.~,.,.,,: :::.~·----~~~-.. using internal sources. Crowdsourcing 
oi:~ens UIJ to a large~ IJOOI of ol)tions 
and views bY. tapQing into external 
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intellectual capital. Crowdsourcing can 
be performed by itself or can augment 
a wargame workshop as an input or 
a follow-on output using a hybrid or 
blended approach. 
The maritime singularity game was 
initially held in the March-April 2017 
timeframe using a crowdsourcing 
approach, and was followed by 
an August 2017 workshop. The 
game engine used was mmowgli, 
a flexible online platform from the 
Naval Postgraduate School. (See 
the accompanying sidebar for a 
description of the mmowgli process.) 
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With the game as a foundation, the their response to the broad question, 
workshop was based on design "How might we design (or re-design) 
thinking methods. It was conducted by the Navy in light of this singularity?" 
the Naval Postgraduate School with The game placed the players in a 
the participation of stakeholders from scenario where a tidal wave of change 
the Naval Research and Development is rapidly approaching and the Navy 
Enterprise, Naval War College, and faces a binary choice leading to two 
key game players. This approach took starkly different futures: ride this 
advantage of both external intellectual wave and harness its energy, leading 
capital and the refinement and deeper to a future where the Navy is robust 
qualitative understanding of the data in any environment, or resist this 
and implications. wave, ignore its presence (essentially 
"shelter in place"), and let the wave 
The game positioned players in wash over us, grounding today 's Navy 
a future where the long-awaited on the shoals of history. 
singularity has arrived, and solicits 
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Figure 1. (a) Singularity 1, where computers eclipse human intelligence, leaving humans behind; and (b) singularity 2, where environmental complexity increases to 
a point beyond which current organizational structures cannot process it. 
The players were confronted with 
two broad design parameters for this 
"Singularity Age" as entry point: 
Singularity· 1: Computer power 
and Al capability increase over 
time, resulting in computers 
eclipsing human intelligence and 
leaving humans behind. Figure 1 a 
depicts this phenomenon. 
Singularity 2: Environmental 
complexity facing the Navy/ 
DoD increases to the point that 
current hierarchical military 
organizational structures cannot 
process that complexity. Figure 
1 b depicts this situation. 
Based on the above broad 
parameters, the game objectives 
complementary questions: 
• What concepts and constructs 
for human-machine teaming 
might we develop as we approach 
Singularity 1? 
• As complexity rises all around 
us in Singularity 2, what new 
organizational concepts and 
constructs should we consider? 
Game Execution 
Prior to entering the game, players 
received a call to action in the form 
of a short video. The call to action is 
designed to transport players from their 
current environment and immerse them 
in the scenario around which the game 
is structured. The call to action ends 
with broad, open-ended questions to 
creative whitespace within which the 
player pool can operate and contribute 
the combined intellectual capital. 
After immersing themselves in the call 
to action, players enter the first phase, 
known as "cardplay." At this point, the 
broad, open-ended question from the 
call to action has been decomposed 
into two more specific Yin and 
Yang components. Players post 
their responses to these Yin-Yang 
questions in the form of 140 character 
"cards." Players also build on each 
other's initial ideas using cards 
designed to expand, counter, adapt, 
or explore the ideas and subsequent 
cards, ultimately creating structured 
threaded conversations (see Figure 2). 
are in terms of concepts and players. It is structured to be "narratively With the "action plan" phase, mmowgli 
constructs answering two distinct, yet incomplete" to provide sufficient shifts into a convergent phase and 
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Figure 2. The Yin and Yang of the call to action open-ended question. Figure 3. Data analytics landscape. 
proceeds at a more deliberate pace. 
In the action plan phase, small groups 
of self-selecting players, many of 
whom were involved in the original 
generation and development of 
the thread during cardplay, come 
together as a team to craft detailed 
responses to the basic "who/what/ 
when/where/why" questions that help 
turn a promising idea into a first-order 
plan. For most mmowgli games, the 
action plan phase constitutes the raw 
output that gets turned into concrete 
recommendations to sponsors and 
policymakers after the game. Of the 
conversational threads emerging from 
cardplay, a relatively small number 
have sufficient critical mass of player 
energy, or sufficiently promising 
ideas that they cross the threshold to 
become action plans. 
The maritime singularity mmowgli 
game ran from March 27 through April 
2, 2017. In that time 1,272 players 
Table 1. Player action output. 
>4,000 signups 
1,272 created an account in -game 
9, 109 idea cards played 
45 action plans 
played a total of 9,109 cards and 
created 45 action plans (see Table 1 ). 
The play for the week was divided in 
the following manner: 
Monday, March 27 to Wednesday, 
March 29: Players were able to 
play idea cards in response to 
the Singularity 1 or 2 questions, 
respond to those cards, and work 
on action plans. 
Wednesday, March 29 to Friday, 
March 31: Players were not able 
• Gameplay was stopped at 1900 
EDT on April 2. 
Note, understanding the data 
analytics landscape was a useful 
reference in structuring the game and 
analyzing the output. Data analytics 
includes Al that intercepts and has 
relationships with the following 
advancing functions and methods, 
according to the Analytics Research 
Center (see Figure 3) : 
to respond directly to Singularity Machine learning 
1 or 2, but were able to respond • Pattern recognition 
to existing cards and work on • Graph analytics 
action plans. Visual analytics 
• Thursday, March 30 to Friday, Data mining 
March 31: Players were able to Information retrieval 
respond to a series of questions • Time series analysis 
focused on improving the mmowgli 
platform and future games. Game Output 
Friday, March 31 to Sunday, April Data analysis and coding of the 
2: Players were able to work on game cards played and action plans 
action plans. developed by the players resulted in 
the following sample of themes or 
groupings: 
Singularity 1 major themes: 
Al decision aids 
Al personal assistant 
21 ,000 views on the You Tube call-to -action video (including one Orson Wells like complaint) 
Al for intelligence analysis 
(form data into information and 
knowledge) 
Source: Matthew C. Largent, Rebecca L. Law, and Garth A. Jensen, mmowgli designers • Interface between humans and 
• Tactical application of Al to
warfighting (including counter-Al)
· Swarming
• Health-related concepts (Al
applications, robotics, etc.)
• Create and train Al
• Transhumanism (merging of Al
and human capability)
Singularity 2 major themes: 
• Al surprise/imagination/novelty vs.
normal analysis and logic (Al data
exposure to millions of lifetimes)
• Na'
f
ve rationalism (Al de­
confliction of irrationalities)
Anthropomorphization/projection
onto Al, leading to a proliferation
of complexity mirroring the real­
world monolithic Al vs. multipolar
Al (includes rogue Al concepts)
Role of feelings/emotions
Role of embodied knowledge and
tacit knowledge/path dependent Al
Treating the Navy as a complex
adaptive social system
Outlier themes: 
Al for the defense acquisition 
process 
• Al for the numerous defense
business processes
• Continual wargaming using Al
Follow-On Workshop 
Method/Input/Output 
The CRUSER Program at the Naval 
Postgraduate School planned and 
conducted the follow-on workshop. 
The format chosen was a "design 
sprint" over three days using design 
thinking methods and principles. Data 
analysis and coding refinement of the 
mmowgli game led to several major 
themes for Al implementation as part 
of the Navy's Al human strategy: 
Al personnel assistant, integration 
between humans and machines 
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Figure 4. Mind the Gap concept. 
and treating the Navy as a complex 
adaptive social system. These served 
as input concentration themes going 
into the workshop. Workshop teams 
developed three concepts as outputs 
from the workshop: 
• Symbiotic Query Universal
Iterative Decision System
(SQUIDS) based on the Al
personal assistant theme from
Singularity 1
Augmented Decision Analysis and
Planning Tool (ADAPT) based on
the Al decision aids theme from
Singularity 1
Mind the Gap based on treating
the Navy as a complex adaptive
social system, a theme from
Singularity 2
In considering the Mind the Gap 
concept as an example, a workshop 
team modified the original input from 
"treating the Navy as a complex 
adaptive social system" to "treating 
the Navy as a complex adaptive 
anticipatory social system" along with 
creating a challenge, "How might 
we position the Navy to thrive in an 
exponentially increasing volatile, 
uncertain, complex, and ambiguous 
(E-VUCA) world?" In this world, 
technology complexity is rapidly 
changing beyond organizational agility 
and adaptability, and understanding 
systems requires advanced human­
machine teaming to "mind the gap" 
(see Figure 4). This example also 
relates back to the CNO SSG Network 
of Humans and Machines as the 
Capital Ship. 
Summary and Implications 
Based on the design for maritime 
singularity implementation, game­
based crowdsourcing can open 
up into a larger pool of "out there" 
intellectual capital. Game-based 
crowdsourcing can effectively 
augment a wargaming workshop either 
as an input or as a follow-on output in 
a hybrid or blending approach. When 
there are many unknowns surrounding 
a wargaming challenge or problem, 
game-based crowdsourcing can 
provide a wide range of perspectives 
and diverse skill sets adding value 
through thought generation, offsetting 
the smaller pool of subject matter 
expert potential biases. 
In maritime singularity implications, Al, 
including machine-learning and 
human-machine teaming, as centric 
opportunities or competitive gaps, 
can not only affect the more near-term 
sensing and sense-making 
technologies in the data analytics 
landscape, but can also have impact 
across all naval research and 





Game-Based Crowdsourcing Engine (Tool) 
Garth A. Jensen, founcJing inventm & directm 
mmoWgli 
mmowgli is a repurposeable online platform as well as a transformational 
practice that harnesses the potential of large, diverse groups for thinking 
and acting on complex , open-ended challenges and opportunities. 
mmowgli also builds the creative capacity of the crowd by offering a more 
gameful, novel, and democratized way of engaging with a problem than 
traditional methods afford. 
The challenge: Complex-centric applications. An era of wicked problems 
(complex, open-ended, uncertain) characterized by shifting requirements 
and invisible interdependencies. In this context, a hierarchically driven, top 
down approach to thinking no longer works. 
The opportunity: Knowledge outcome. With mmowgli we can reframe 
our grandest challenge as a grand opportunity - to tap into our collective 
intelligence - to engage with our most difficult situations while also 
engaging with each other more deeply and meaningfully. 
mmowgli was developed by the Naval Postgraduate School (NPS), under 
the Office of Naval Research (ONR) sponsorship, in 2009-2010, with the 
first large scale event in 2011. Since then, mmowgli has transitioned out of 
ONR sponsorship and into a self-sustaining business model hosted out of 
NPS. More than 25 different mmowgli's have been conducted by a diverse 
group of sponsors including OPNAV, OSD, and DASN RDT&E, on topics 
ranging from Black Swans to Intellectual Property reform. Output from 
these games has made its way into recommendations for policy change, 
technology investments, and core curriculum modifications. 
